Circulatory arrest at 20° C is used during open heart surgery in infants. It has been stated that significant brain damage does not occur.
INTRODUCTION
Direct attack on congenital heart disease in infancy by open heart surgery is increasing (Ching et al. 1971 , Dillard, Mohri and Merendino 1971 , Barratt-Boyes, Simpson and Neutze 1971 , Mori et al. 1972 , Wright et al. 1973 . Circulatory arrest after lowering body temperature to about 20° C has been used in most units. In these small patients, the advantages of being able to perform repair within a still, bloodless heart, are obvious. The limit applied to the period of damage may not be apparent at post-mortem examination, particularly when masked by changes resulting from low cardiac output, hypoxia, and therapeutic manoeuvres aimed at improving a failing circulation. Lesions may be caused by artificial oxygenators, especially where these have a blood gas interface, or where the likelihood of micro-embolism exists (Tufo, Ostfeld and Shekelle 1970, Brennan, Patterson and Kessler 1971) . reaction around areas of permanent neuronal damage to be seen. The recovery of E.E.G. after circulatory arrest and the histological appearance of the brain 10 days later in a series of infant pIgS are described in this paper.
MATERIALS A~D :\IETHODS Landrace cross piglets between two and six weeks of age and weighing between 3 and 6 kg \vere studied (Table 1) . Two methods can be used to look for diffuse effects of circulatorv arrest on the central nervous system. TI1C resumption of electroencephalographic (E.E.G.) activity after a period of circulatory arrest is one of the earliest signs of recovery (Breclmer et al. 1959) . Histological examination of the brain can be carried out in experimental animals after a period of survival following circulatory arrest. This allows acute changes associated with extracorporeal circulation to resolve and inflammatory 
Group I. Control Piglets for Brain Histology
Three piglets were killed by intracardiac injection of pentobarbitone 600 mg. Shortly afterwards the brains were removed and fixed in 10 per cent formol saline.
Group n. Hypoxia and Anaesthesia
The pigs were anaesthetized and ventilated with oxygen and halothane. After the administration of heparin (400 units/kg) the animals were ventilated with nitrogen for periods of five minutes to five and a half minutes (Table 1) . Protamine (5 mg/kg) was injected, and the pigs were allowed to awake and survive for 10 days before being killed in the same way as those of Group I.
Group Ill. Thoracotomy and Cannulation
The pigs were anaesthetized and ventilated with oxygen and halothane. Left thoracotomy was performed and heparin (400 units/kg) given intravenously. Two of the pigs (18 and 25) were cannulated as for perfusion. Two hours later, after removing the cannulae, protamine (5 mg/kg) was injected, the thoracotomy wounds were closed, and the animals allowed to recover. These were killed in the same way 10 days after operation.
Group IV. Thoracotomy and Ischaemia
These pigs were prepared in the same way as in Group Ill, but after the heparin was injected the bracheocephalic trunk and the left subclavian artery were occluded for periods of three to five minutes (Table 1) . After this the heparin was reversed with protamine and recovery was as in Group Ill.
Group V. Warm Per fusion
After thoracotomy and heparin administration as in Group Ill, the pigs were subjected to cardiopulmonary bypass for two hours at 37° C. The cannulae were then removed, heparin reversed, and the pigs allowed to recover as in the previous two groups.
Group VI. Cold Perfusion
After cardiopulmonary bypass was commenced as in Group V, the oesophageal temperature was reduced to 20° C and then perfusion was continued for one hour before the pig was rewarmed to 37° C. Treatment thereafter was as in Group V.
Group VII. Cold Per fusion and Arrest
After cooling to 20° C as in Group VI, the pigs were partly exsanguinated, and then perfusion was interrupted for one hour. After re-perfusion and warming they were managed as in Group VI. When circulation was recommenced 20 ml of 8 . 4 per cent sodium bicarbonate solution was added to the system.
ANAESTHESIA
Anaesthesia was induced (except in Group I) using halothane in oxygen via a nose mask. Tracheal intubation was performed and the pigs were ventilated with oxygen and halothane using a T-piece system. During preparation the amount of halothane administered was adjusted to maintain a light plane of anaesthesia as judged by the E.E.G. The pigs subjected to thoracotomy were given 500 !J.g/kg of alcuronium intravenously. The gases supplied to the T-piece were passed through a heated humidifier throughout the experiment in Groups II, Ill, IV and V, and during re-warming and after perfusion in Groups VI and VII. During normothermic perfusion and while cooling Groups VI and VII down to 30° C, halothane was administered in the gas supplied to the oxygenator. During re-warming in Groups VI and VII halothane was administered when the E.E.G. activity had returned at temperatures above 30° C. At the end of operation atropine (30 !J.g/kg) and neostigmine (60 !J.g/kg) were used to reverse curarization. PERFUSION Cannulae were placed in the descending aorta and main pulmonary artery via a left thoracotomy. The blood was drained into a venous reservoir, from which it was recirculated by a roller pump through a heat exchanger and a 1 m 2 Lande-Edwards oxygenator* (animal unit). The arterial line was taken from the recirculation circuit after passing a variable resistance and pumped separately back into the pig. The circuit and technique have been described in a previous paper (Fisk et al. 1972) . In most cases total cardiopulmonary bypass was ensured by clamping the pulmonary artery distal to the " venous" cannula. In some, a small patent ductus arteriosus had to be tied to achieve this. The system was primed with blood taken from two litter-mate piglets. Dilution of this blood was performed in vivo by intravenous infusion of lactated Ringer's solution during bleeding of donor piglets while they were anaesthetized with oxygen and halothane. Heparin (1000 units) was injected intravenously into each donor piglet before bleeding commenced.
Priming volume was 600 ml.
Perfusion flows were maintained according to the venous return, a flow of 100 ml/kg being achieved at normal temperature in most cases. The recirculation flow through the oxygenator was approximately twice the perfusion flow. During cooling, a mixture of approximately 3 per cent carbon dioxide and oxygen was used as the oxygenating gas until the temperature fell below 30° C, when 6 per cent carbon dioxide and oxygen was used. During re-warming oxygen alone was used.
* Edwards Laboratories, Santa Ana, California. ELECTROENCEPHALOGRAM using subdermal scalp electrodes, six-channel E.E.G. recording was started as soon as possible after tracheal intubation. This was continued until the time came to cease anaesthesia and transfer the pig to the recovery cage. E.E.G.s were repeated without sedation on the third, fifth, seventh and tenth postoperative days, using a special sling for restraint.
The E.E.G. records in this series were arbitrarily graded into five classifications, as follows;
(1) vVithin normal limits for age-as defined by Rose and associates (Rose et al. 1972 ).
(2) l\lild abnormalities:
(a) Asymmetry of not more than 50 per cent difference between the amplitude of all activity of the right and left hemispheres, in an otherwise acceptable record; (b) A symmetrical recording with occasional theta and delta waves' or (c) Theta activity appearing in brief runs.
(3) Moderate abnormalities:
(a) Asymmetry of greater than 50 per cent in the amplitude of all activity between right and left hemispheres; " (b) Predominant theta activity; or (c) Production of brief bursts of theta plus delta activity. (4) Severe abnormalities: the total loss of fast rhythms, leaving dominant theta or delta activity only, sometimes with brief transient" silent" periods appearing. (5) Grossly abnormal:
(a) Dominant delta activity; (b) Periods of loss of all cerebral activity; and (c) Iso-electric records. TEMPERATURE Thermistor probes were placed in the nasopharynx, oesophagus and rectum for temperature monitoring. After cooling in Group VII and after re-warming in Groups VI and VII, perfusion was continued for ] 0 minutes to allow more even distribution of temperature before hypothermic arrest or restoration of normal circulation.
BLOOD STUDIES
Samples of arterial blood were withdrawn from pigs in Groups VI and VII iust before starting extracorporeal circulation, after cooling to 20° C, after re-warming, and just before the end of anaesthesia. Samples were also taken at equivalent times from pigs in Group V. Estimates were made of pH, oxygen and carbon dioxide tensions (Radiometer triple electrode), microhaematocrit (Hawksley) and plasma sodium and potassium (flame photometry). The triple electrode readings were corrected for the difference between sampling and measuring temperatures.
HISTOLOGY
After fixation in formol saline, the tissues were embedded in paraffin and sections were stained with haematoxylin and eosin and with Nissle stain.
Preliminary studies showed the most severely and consistently affected area was in the cerebral cortex on the lateral surface of the hemisphere in th~ regio postcentralis (Kappers et al. 1936) .
Detalled study was made in only one pig (14), which showed no lesions in other areas of the brain, with the exception of a small lesion in the head of the caudate nucleus; in particular, the cerebellar cortex showed no significant changes. Subsequent studies were made by examining a section through the mid-point of the hemisphere, which included the regio postcentralis and caudate nucleus.
RESULTS

Complications and Survival
These are shown in Table 1 . There were three surviving pigs in each Group except Group VII, in which there were five. Four pigs in each of Groups V and VII died as a result of haemorrhage and other technical problems. The results of investigations in the non-survivors are not presented.
Group Ill. Haemorrhage occurred during cannulation and decannulation, causing E.E.G. changes in numbers 18 and 25.
Grot£p IV. Cannulation was accompanied by haemorrhage in number 7, and a brief period of pulmonary artery obstruction in number 26, both causing E.E.G. changes.
Group V I. A short period of inadequate circulation occurred at the end of perfusion due to haemorrhage in number 10, and obstruction by the" venous" catheter in number 16. The cooling period was complicated by a short period of inadequate perfusion in number 2, which was corrected by adjusting the pulmonary artery catheter.
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Electroencephalogram
The results of the E.E.G. studies are summarized in Table 2 . Group I. All the E.E.G.s were within normal limits.
Group 11. The initial E.E.G.s were all within normal limits. With the administration of nitrogen, in each case all activity became slower in frequency and superimposed fast rhythms were lost. These progressed through further slowing and decrease in amplitude to a total loss of cerebral activity. With the resumption of oxygen flows, E.E.G. activity returned after some minutes and quickly became normal. The follow-up E.E.G.s were all within normal limits.
Group 111. The initial E.E.G. records were within normal limits. However, all three pigs showed moderate to gross abnormalities during the procedures. In two pigs (18 and 19) these resolved, and the follow-up E.E.G.s were within normal limits. The E.E.G.s of number 25 remained abnormal for the remainder of the procedure and throughout the follow-up period.
Group IV. The records of the three pigs were within normal limits before occlusion of the brachiocephalic trunk and left subclavian artery. Cerebral activity persisted for a few seconds after these arteries were clamped, and then ceased completely. Electroencephalographic activity returned in a normal pattern between one and two minutes after the removal of the clamps, with the exception that activity returned 55 seconds before removal in number 30.
1\ umber:! I sustained an ischaemic insult which lasted for several minutes after the occlusion, and the succeeding E.E.G.s were mildly abnormal. The follow-up E.E.G.s on the other two pigs (:!8 and 30) were all within normal limits.
Group V. The three survivors (7, Jl and 26) all suffered insults during the pre-bypass or bypass period. These were of short duration and all resolved satisfactorily.
Post-bypass and follow-up records ,vere within normal limits, with the exception of number 7, where the final two E.E.G.s seven and 10 days postoperatively, showed mild diffuse non-specific abnormalities.
Group VI. Pig number 2 suffered from a period of inadequate cerebral perfusion in the early part of extracorporeal circulation, and no cerebral activity was recorded during the period of cold perfusion.
Electroencephalographic activity resumed during re-warming and was considered to be within normal limits II minutes later. The post-bypass record remained acceptable, hut the initial follow-up record showed moderate lateralized abnormalities, which later became mild and diffuse. The E.E.G.s of two pigs (10 and 16) were within normal limits before bypass and during cooling with extracorporeal circulation. Occasional cerebral activity was just detectable during the time at this temperature. Both suffered insults after re-warming, one just before the end of bypass and the other immediately on the resumption of normal circulation. However, the E.E.G.s in the final part of the procedure and throughout the follow-up period were within normal limits. The delay between the start of re-warming and the return of activity was 11 minutes in number 2, 17 minutes in number 10, and 13 minutes in number 16.
Group VII. The E.E.G. recordings up till the time of circulatory arrest in four survivors (9, H, If) and 17) in this group were within normal limits; number 27 showed a very mild asymmetry. All cerebral activity ceased 'within a few seconds of circulatory arrest, except in number :!7, which had a flat E.E.G. a few minutes before arrest. In three of these pigs (9, 14 and 27) E.E.G. activity returned some time after the resumption of extracorporeal circulation, but in number 15 no definite cerebral potentials were recognizable at the end of the procedure. It was possible that circulation had not been totally occluded in pig number 17, and some limited cerebral activity was recorded during the period of arrest. When the E.E.G. activity did reappear in pigs numbers 9, 14 and 27 it was severely abnormal in form and suggestive of a lengthy period of cerebral anoxia. The delay between commencement of perfusion re-warming and return of E.E.G. activity was 35 minutes in number 9, 57 minutes in number 14, and 44 minutes in number 27. Some improvement was seen in all the E.E.G.s except that of number 15 before the surgery was completed.
The follow-up E.E.G.s were within normal limits in two pigs (9 and 17). In number 15 the early record was mildly abnormal, then became normal; E.E.G.s remained mildly abnormal in number 14 and were moderately to severely abnormal in number 27. This last pig suffered a severe insult after perfusion recommenced, and the E.E.G. became isoelectric for some minutes and remained severely abnormal for the rest of the procedure.
Temperature
Oesophageal temperature changed more rapidly during cooling and re-warming than the nasopharyngeal and rectal temperatures, although the degree of lag of these temperatures varied from animal to animal. When the temperature of the venous blood returning to the oxygenator was measured, it was closer to the oesophageal temperature than to the others. During the period of stabilization of temperature at 20 0 C, the nasopharyngeal and rectal temperatures approached the oesophageal and blood temperatures. During circulatory arrest in Group VII, the oesophageal temperature drifted upwards between 2 0 and 3° C. The rectal temperature during this time remained between 2 0 and 30 C higher. In those pigs which were not cooled, temperature during anaesthesia did not fall below 3.5° C and was maintained above 36° C during perfusion. pH and Blood Gas J[ easurements The measurements of pH and carbon dioxide tension reflected the ventilation. The mean pH before perfusion was 7 ·42 (S.D. 0·113) and PC0 2 was 33 mm Hg (S.D. 8 ·8). There was a fall of pH to a mean of 7 ·32 (S.D. 0 ·08, P<O·01) at the end of the initial period of perfusion, although the mean carbon dioxide tension had not appreciably changed (34 mm Hg, S.D. 7 ·7). At the end of perfusion the mean pH was 7 ·36 (S.D. 0 ·12) and PC0 2 was 35 mm Hg (S.D.9·8). At the end of the surgical procedure mean pH was 7·34 (S.D. 0·11) and PC0 2 37 mm Hg (S.D. 10·4). There were no significant differences between the groups. Oxygen tension measurements were high throughout and at no time were found to be below 100 mm of mercur\, .
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Haematocrit
There was variation in the haematocrit of the litters of pigs used. The highest haematocrit was 40 per cent in pig number 1. The haematocrit of the experimental pig was reflected in that of the litter mates used as donors. However, the mean haematocrit before perfusion was 29 per cent (S.D. 6 '1), falling to 20 per cent during perfusion and rising to 24 per cent (S.D. 4 '3) at the end of the experiment. The mean haematocrit of the priming fluid was 15 per cent (S.D. 3 '2). Separation of the haematocrit readings into groups did not show any significant differences, with the exception that the mean haematocrit at the end of the experiment in Group VI was 20; i.n Group VII it was 26.
Plasma Sodium and Potassium Measurements
There was a fall from 145 mEq(l (S.D. 9) to 136 and 139 mEq(l during perfusion. At the end of the experiment the sodium level had returned to 145 mEq(l (S.D. 6 ·8). There was a high mean sodium level (151 mEq(l) at the end of the experiment in Group VII.
The mean potassium level was 4·3 mEq(l (S.D. 0·57) before perfusion, 4·4 mEq(l (S.D. 0·62) at the end of perfusion and 4·2 mEq(l (S.D. 0 ·54) at the end of the experiment.
Histology
The pigs III Group VII showed the most severe and the most consistent lesions. In numbers 9 and 27 there were small focal areas of cortical laminar necrosis in the region postcentralis (Figure 1) . This lesion was associated with capillary proliferation, nerve cell loss, and astrocyte proliferation in the adj acent cortex. In numbers 14, 15 and 17 there was shrinkage and eosinophilia of many of the nerve cells in this region of the cortex, with astrocyte increase both in the molecular layer and throughout the cortex. In number 15 the central white matter of the subjacent cortex showed a more marked astrocytic response than seen in the other animals. In number 14 there was a small necrotic focus in the head of the caudate nucleus.
The pigs in Group IV showed pathological changes which were most marked in number 21, where there was a spongy change in the molecular and upper layers of the cerebral cortex. l\Iany nerve cells were shrunken and eosinophilic, and there was a general gliosis. The other pigs in the group (4 and 26) showed a general glial increase throughout the cortex.
The pigs in Group II (21, 23 and 29) showed some focal areas of spongy degeneration in the cortex, most marked in the superficial layers with a mild astrocyte increase in all areas.
The pigs in the other groups showed no features which could confidently be distinguished from the control pigs of Group I (Figure 1 ).
DISCUSSION
Circulatory arrest at temperatures between 100 and 20 0 C for open heart surgery was introduced by Drew, Keen and Benazon (]959). This technique has continued to be used with clinical success (Belsey et al. 1968 ). Dillard et al.
(] 971) introduced surface cooling for infants, and Barratt-Boyes ct al. (197] ) have adopted a technique originally developed in Japan (:\Iori et al. 1972) . The patients apparently recover normally, and follow-up has suggested that these children are now developing in a manner suitable to their age group (Clarkson 1972) .
I t must still be a worrying possibility that to interrupt the circulation to the brain for these periods may result in brain damage that has not been revealed by the clinical course of the patients. Post-mortem studies in the past have revealed lesions in the brains of both children and adults following the use of arrest under deep hypothermia (Bjork and Hultquist 1960, Egerton, Egerton and Kay 1963) . However, patients who do not survive open heart surgery usually have a fairly prolonged period of impaired cardiac output and often impaired oxygenation before death, which makes the pathological appearance difficult to interpret (Tufo et al. 1970 , Briedey 1963 . For this reason it is necessary to regard with suspicion the implication of brain damage from arrest in hypothermia made on the evidence of clinical post-mortem studies. On the other hand, clinical recovery can occur after quite extensive brain damage. In a study of prolonged hypothermia in dogs Johnston et al. (1966) found a drop-out of cells in the granular layer in all regions of the cerebellum, with some loss of Purkinje cells in adjacent areas in two out of three long-term survivors. These dogs had been perfused continuously at 100 C for three hours; they showed no clinical evidence of neurological abnormality. Mohri et al. (1966) noted an abnormality of the gait of survlvmg dogs after an hour's circulatory arrest at 20 0 C.
Electroencephalographic changes during artificial cooling consist of a progressive slowing of the predominant activity, coupled with an overall diminution of amplitude at temperatures below 30 0 C. Below 20 0 C cerebral activity is generally not detectable, and when present it ceases with, or soon after, circulatory arrest (Harden, Pampiglione and Waterston 1966) . In our clinical use of this technique in children, return of activity has been delayed and has often not returned until after the temperature has reached 37° C. Abnormalities have persisted for some hours or days after this.
In this study, we arrested circulation for one hour after cooling to 20° C. The membrane oxygenator was chosen to eliminate changes due to a blood gas interface. Histological studies were performed only on pigs which had survived for 10 days; all pigs, including the controls, were killed and studied in the same way. It was expected that 10 days after the insult the inflammatory reaction around areas of brain damage would be most easily detectable, and by this time E.E.G. activity and patterns had returned to normal in most cases. Seven pigs had mild E.E.G. abnormalities after 10 days, one of these being in each of Groups Ill, IV, V, VI and VII. Onc pig in Group VII had moderate abnormalities. These abnormalities seemed to be associated with technical surgical problems which resulted in short periods of ischaemia. The deliberate production of a flat E.E.G. by hypoxia and ischaemia carried on for as long as seemed compatible with survival resulted in an isoelectric E.E.G. with recovery, as did the period of arrest at 20° C.
The infant pig was chosen because of previous experience with this animal in our laboratories (Rose et al. 1972) . There are similarities between newborn pigs and human infants with respect to thermoregulation (Mount 1966). Previously, pilot experiments had been undertaken to demonstrate that piglets could survive perfusion and one hour's arrest. Haemorrhage during cannulation and decannulation or in the postoperative period still eliminated several. The experiments were carried out until at least three survivors were obtained in each group and further perfusions were carried out in Group VII to make a total of five survivors in the chief study group. All the surviving pigs appeared to have normal central nervous activity at the time they were killed.
The rates of cooling and temperature changes were comparable in Groups VI and VII. The Anaesthesia aJid InicJlsive Care, Vol. 11, No. 1, February, 1974 oesophageal temperature was chosen as the working temperature, because this has been used in our clinical cases. The differences between oesophageal and rectal temperature in the animals were comparable with those seen in patients, as was the drift upwards of temperature during the period of arrest. Some of our experimental pigs had a low haematocrit, which was exaggerated by the haemodilution, but this did not differ between the groups. There were no significant differences in blood gas and acid base status. Variations in carbon dioxide tension and depth of anaesthesia with halothane were common, but were seen in all groups. The increase in plasma sodium concentration in the animals of Group VII between the end of perfusion and the end of surgery is not easy to explain. These pigs were given a dose of 20 mEq of bicarbonate as sodium bicarbonate at the end of the arrest period, but the increase occurred after perfusion was discontinued. Occasionally other doses of bicarbonate were given to adjust acid base status, but there was no difference between the use of this in Groups V, VI and VII.
The return of E.E.G. activity was delayed after the period of circulatory arrest in all animals in Group VII except number 17. This is in marked contrast to the return of activity in Group VI. In number 17, ventricular fibrillation did not occur during the arrest and the heart continued to beat very slowly. A clamp had not been placed across the pulmonary artery, and it is possible some limited perfusion of the brain occurred. However, there was no mechanical ventilation of the lungs during the arrest period. By the end of the period of arrest the oesophageal temperature had drifted to 24°C in this animal, and the rectal temperature to 25° C. In some of the surviving animals there was no return of activity before the end of recording. With the exception of pig number 17, the changes seen after circulatory arrest for one hour reflect those which we have seen during clinical application of the technique. The delay in return of activity would suggest a physiological insult and is greater than that seen after the hypoxic and ischaemic insults produced in the Groups II and IV. Kramer et al. (1968) measured cerebral ATP levels in dogs during and after circulatory arrest at normal and hypothermic temperatures. They found that E.E.G. activity ceased at a time when there had been a loss of less than 10 per cent of cerebral ATP, and, in two dogs, activity returned at a time when the ATP had returned to 89 per cent of the control concen-tration. Rudy, Boucher and Edmunds (1972) studied distribution of blood flow after circulatory arrest at 20° C for one hour in Rhesus monkeys and found a persistent decrease in blood flow to the brain even after re-warming. It is tempting to speculate on the possible relationship between this decreased blood flow and the delay in return of electrical activity observed by us.
The pathological findings varied from pig to pig within the groups, but all the pigs in Groups VII, IV and II showed significant changes which were more marked in those of Group VII. The lesions in the brain were focal and not uniformly distributed throughout the cortex. The lesions found in the 10 day survivors are not likely to be reversible, but reflect a permanent structural damage to the nervous system (Green field and Meyer 1963). While it has not been possible to examine the whole brain in detail in each pig, the consistency with which the changes were present in the regio postcentralis and not in other regions in the same section (e.g. temporal lobe) suggest that this region may be at some particular risk of ischaemia or anoxia in the infant pig.
The "flat E.E.G." following deliberate hypoxia, ischaemia and hypothermic arrest was followed by recovery in most of the survivors, and, in these pigs, histological changes were demonstrated. In contrast, the briefer periods of " flat E.E.G." occurring with technical difficulties were not associated with histological changes in the survivors. This would suggest that prolonged severe E.E.G. changes during these insults were more significant as an index of damage to the brain than the apparently normal E.E.G. often seen during the follow-up period. CONCLUSION Under the conditions in which these pigs were studied, circulatory arrest after cooling to 20° C was followed by a considerable delay in return of E.E.G. activity compared with control experiments in which the activity was abolished simply by cooling to 20° C and perfusion for one hour at that temperature. In the surviving pigs, E.E.G. activity had returned to normal in most cases. Despite this, microscopic changes were seen in the brains of the pigs whose circulation was arrested for one hour, suggestive of healing ischaemic lesions, and these lesions were similar to, but more marked than, those produced in pigs who were subjected to hypoxia or ischaemic result at normal temperature. The lesions were not seen in any of the pigs which were subjected to extracorporeal circula-tion or extracorporeal circulation with cooling and perfusion at 20° C. These changes may not necessarily be expected in human infants when species differences and different clinical methods used by particular surgical teams are considered. However, the fact that histological lesions were seen in pigs that appeared to recover from the insult and had normal E.E.G. activity would suggest the possibility that similar lesions may be produced in patients during clinical hypothermic arrest; these would not be reflected in the eventual clinical state or in the E.E.G. at a later date. In patients who do not survive, these changes may be masked by the clinical state before death or by the technique of perfusion where bubble or disc oxygenators are used. The delay in the return of E.E.G. activity after circulatory arrest at low temperatures may be a useful index of the degree of ischaemic cerebral damage. In our clinical cases, the delay in return of the E.E.G. after re-warming and perfusion increased with the period of circulatory arrest. Further studies are being undertaken to establish this relationship, which was demonstrated by Brechner et al. (1959) following arrest at temperatures around 30° C.
